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Abstract
Historically, food fortification has served as a tool to address population-wide nutrient deficiencies such as
rickets by vitamin D fortified milk. This article discusses the different policy strategies to be used today.
Mandatory or voluntary fortification and fortified foods, which the consumer needs, also have to comply with
nutritional, regulatory, food safety and technical issues. The ‘worldwide map of vitamin fortification’ is
analysed, including differences between developed and developing countries. The vitamins, folate and vitamin
D, are taken as practical examples in the review of the beneficial effect of different strategies on public health.
The importance of the riskbenefit aspect, as well as how to identify the risk groups, and the food vehicles for
fortification is discussed.
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I
n the past, food fortification along with nutritional
education and the decrease in food costs relative to
income have been of great success in eliminating the
common nutritional deficiencies. These deficiencies, such
as goiter, rickets, beriberi and pellagra, have since been
replaced with another set of ‘emergent deficiencies’ that
were not previously considered a problem (e.g. folate and
neural tube defects, zinc and child growth and selenium
and cancer). In addition, the different nutrition surveys in
the so-called affluent countries have identified ‘shortfall’
nutrients specific to various age and/or physiological
status. Complex, multiple lifestyle diseases, such as
atherosclerosis, diabetes, cancer and obesity, have
emerged. It is widely known that these are not simply
deficiency diseases, but rather conditions that are present
in a relatively well-nourished society. Food fortification
was proven an effective tool for tackling nutritional
deficiencies among population; but today, a more reason-
able approach is to use food fortification as a mean to
support but not replace dietary improvement strategies
(i.e. nutritional education campaigns) (1).
The main goal of the present article is to review the
past record and its effect on public health including a
look into the future.
An example of success in food fortification programmes
can be found in the United States, where great efforts have
beenmadewithinpublichealthofficialsandeducators,the
private industryand epidemiological evaluation (2). In the
early 1920s, medical researchers announced that iodine
could prevent goiter that was widespread at that time (2).
Through this was a successful fortification programme.
Thereafter in 1932, milk was fortifiedwith vitamin D, and
again, this was heavily supported by the medical commu-
nity because of the prevalence of rickets in children (2).
This was followed by the 1941 fortification of flour and
bread with the B vitamins, which was ‘presented as
insuranceagainstnutritionaldeficiencies’, whenBvitamin
deficiencies were prevalent in the United States and most
ofEurope(3).Cooperationbetweentheprivateandpublic
sectors was essential to address public health needs. That
said, are the products that are currently on the market
serving the nutritional needs of the population? It is clear
thatnowadaysisadifferentworld.Whatbeganinthe1920s
ofthelastcenturyasaresponsetoapublichealthneedhas
escalated into an industry-driven fortification with fre-
quent conflicts of interests with the public health cam-
paign. One of the main issues today is that consumers are
seeking foods with health benefits, in an era of complex
diseases. Currently, international organisations and the
public sector are actively working on this field (4).
Food fortification in today’s world
Historically, food fortification, such as iodised salt or
vitamin D-fortified milk, served as a public health
measure to address population-wide nutrient deficiencies.
By means of restoring nutrients removed during food
processing or replacing nutrients in substitute foods,
today’s food fortification comprises several initiatives,
(page number not for citation purpose)
 Vitamin Supplement
Food & Nutrition Research 2012. # 2012 M de Lourdes Samaniego-Vaesken et al. This is an Open Access article distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License (http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.
1
Citation: Food & Nutrition Research 2012. 56: 5459 - DOI: 10.3402/fnr.v56i0.5459where foods must meet not only consumer needs and
preferences but also comply with nutritional, regulatory,
food safety and technical constraints. Previous fortifica-
tion policies were great successes, but authorities are
facing other problems in developed countries that seem to
be inhabited by well-nourished people.
More than 67 countries require fortification of certain
staple foods. The main examples are folic acid fortified
wheat or maize flour to reduce the risk of neural tube
defects (NTD) and limitation of fortification of foods
with certain nutrients such as vitamin D. The first
question to consider is whether these approaches are
aligned with nutritional needs, as nutritional deficiencies
are often limited to a subset of the population (5). And
secondly, if all food ingredients are safe at the level of
addition when used as intended, or in other words: which
is the right dose of the fortificant so that it is effective but
not toxic? (5).
Internationally, the Codex Alimentarius of the Food
and Agriculture Organization (FAO) and the World
Health Organization (WHO) have established general
principles for the addition of vitamins and minerals to
foods. For example, the guidelines on food fortification
with micronutrients published in 2006 (6) outline FAO/
WHO initiatives for folic acid. However, each country
determines its own policy or regulations, and fortification
approaches can vary widely throughout the world.
In the past few years, food industry made calcium and
vitamin D-fortified juices, breads fortified with omega-3
fatty acids and vegetable oil spreads with plant sterols
available for consumers searching for foods with addi-
tional health benefits (7). This is the basis of voluntary
fortification, the practice by which different concentra-
tions of vitamins, mineral and other nutrients are added
to processed foods, and decisions about which products
and how to fortify them are made by food manufacturers.
Harmonisation of this practice is essential as it is
common in many countries. Therefore, it is expected
that Europe will be under a unique regulation in the near
future. This regulation will control the addition of
nutrients to foods and the nutritional claims stated on
their labels (Regulation (EC) No 1924/2006 of the
European Parliament and of the Council of 20 December
2006 on nutrition and health claims made on foods).
Remarkably, the indiscriminate addition of nutrients to
foods and the fortification of fresh products are not
allowed by the US Government, and fortification of
unprocessed foods is prohibited in European countries.
Furthermore, fortification of certain types of foods, such
as sugars and some snack foods (e.g. candies and
carbonated beverages), is discouraged. Importantly,
food has to taste good and be appealing to consumers,
so fortification is often self-limiting.
Who are the usual consumers of supplements and
fortified foods?
Fortified foods and multivitamin supplements are fre-
quently included in the daily diets of many populations
from western developed countries. Amongst frequent
users are women and their relatives, the elderly and
chronic patients but especially people who are well
educated or from a high socio-economic background
(8). This group are considered the ‘healthy and active
people’, who paradoxically may not necessarily present
any nutritional deficiency. Recent publications from the
US National Health and Nutrition Examination Survey
(NHANES) reported a high proportion of seniors
(9, 10) and also of children 113 years (11) who were
frequent consumers of these products. A new era in
nutrition has clearly evolved very recently with unknown
expected results at population level in the future.
Vitamin content and stability in processed and
ready-to-eat foods
Vitamin content of foods is susceptible to losses and/or
can be destroyed during technological/cooking processes
induced bya numberoffactors. Most losses arebecause of
their solubility in water that is dependent on the cooking
method used. However, some vitamins are subject to
additional losses: B vitamins are more labile to tempera-
ture and light, whereas fat-soluble vitamins are labile to
oxygen (12, 13). Losses depend on the type of food and its
process:forexample,thiamine,naturalfolatesandvitamin
C can reach up to 100% loss when different concomitant
cooking and processing conditions are given (12, 14).
Although the availability of processed foods containing
added vitamins and other nutrients is increasing, food
tables and databases show a lack of accurate and updated
data on their composition. This is the case for not only
critical nutrients such as folic acid and iron but also for
many other nutrients and non-nutritive compounds (15
17). To overcome these difficulties, the EuroFIR project
is making a great contribution in unifying and harmonis-
ing food composition databases across Europe (18).
Is it possible to follow the Mediterranean diet
adherence in a ‘fortified world’?
The Mediterranean diet model is based on a high
consumption of ‘fresh’ products, including vegetables,
fruits, legumes and fish, with olive oil as the main source
of fat. Recent publications underline the concern that
Mediterranean countries are drifting away from this
healthy model (19, 20), moving towards a higher intake
of meat, processed, high-fat, high-salt and sugary foods
(21). These ‘new’ patterns affect the nutritional status of
different population groups living in these countries,
particularly as vitamin recommended intakes are not
met by a high percentage of the population (22).
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in fortification of staples. Recommended and/or standard
serving sizes are the basis for intake assessments, but it
should be taken into account that they will vary
depending on the populationagegender group: they
each have specific requirements and recommended in-
takes. Manufacturers normally include fixed serving sizes
in the nutrition label of their products, but how realistic
are these? In a pilot study, Whittaker et al. (16) found that
regular adult breakfast cereal consumers ate nearly twice
the recommended serving found on the product’s label,
meaning that they also consumed twice the intended
vitamin/mineral content per serving of cereal. This fact is
of great importance for monitoring and assessing nutrient
intakes, especially for children and adolescents. More-
over, nutrient contents/levels in fortified food labels do
not always match label information. Different studies,
including those from our group, found overages in
fortified products, showing that manufacturers may add
higher quantities of the nutrient to ensure its presence at
declared levels throughout shelf life (16, 23, 24).
In the Spanish market, we found a wide choice of
fortified food groups that may contain different nutrient
levels depending on product group (dairy, cereals, etc.),
brandnameandtargetpopulation(i.e.children).However,
there is a high proportion of products that present no
specific target population for consumption (Fig. 1) (25).
The ‘big two’ in vitamin fortification today: folic acid
and vitamin D
Folic acid
Folate is a general denomination that includes all
vitamers with the activity of the B vitamin pteroylglu-
tamic acid. Folic acid is a monoglutamate synthetic
compound added to food for fortification; it is a more
chemically stable form than the natural vitamers (26).
Several studies have found a higher bioavailability in men
for folic acid, (27) and the result of these findings was the
establishment and use of the dietary folate equivalents
(DFE). The term DFE accounts for the higher bioavail-
ability of the synthetic form versus the natural folate
vitamers, where DFE equals the micrograms of food
folate plus 1.7 times the micrograms of added folic acid.
Then, use of DFE was recommended by the US Food
and Nutrition Board of the Institute of Medicine for
planning and evaluating folate intakes (28).
Folic acid is an essential micronutrient involved in the
prevention of macrocytic anaemia that acts as a co-factor
in cellular development and homeostasis throughout all
life stages (29). It has been identified as a potential factor
in the aetiology of vascular disease (30), certain types of
cancer (31, 32), cognitive impairment in the elderly (33)
and prevention of congenital abnormalities known as
NTD (34, 35). As scientific evidence is still inconclusive
(36, 37), the only established recommendations at present
are aimed at women of childbearing age for reducing
their risk of having a NTD affected pregnancy.
Strategies to improve folate status in the target population
The evidence linking folic acid to NTD prevention led to
the introduction of three potential strategies to improve
folate status among target populations: pharmacological
supplementation, mandatory or voluntary fortification of
staple foods with folic acid and the advice to increase
intakes of natural folate food sources. The potential
strengths and weaknesses of these approaches, sum-
marised in Table 1, have been widely evaluated, but
questions remain regarding their effectiveness.
The main public health measure for primary preven-
tion of NTD in many countries is the recommendation of
folic acid supplements taken periconceptionally amongst
women who are planning a pregnancy. Increasing aware-
ness and knowledge of the role of periconceptional folate
in women of childbearing age by educational campaigns
is difficult, as women do not generally plan their
Fig. 1. Distribution and main target consumption population groups of folic acid-fortiﬁed foods available in the Spanish
market.
Note: Adapted from Samaniego-Vaesken et al. (25).
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pregnancies (lower socio-economic, education status) are
not always reached by health promotion messages and
are less likely to be supplement takers (9).
In 1998, the US Food and Nutrition Board advised
that all women capable of becoming pregnant should
consume a daily dose of 400 mg of synthetic folic acid,
either in the form of fortified foods or supplements, in
addition to naturally occurring folates from food (28).
With regard to the advice to increase dietary intake of
naturally occurring folate, efforts, such as health promo-
tioncampaignstoachievedietarychangesonapopulation
basis, have been proven to have limited success (21, 44).
Notonlydoes itrequireabehaviouralchange,butchanges
also need to be accessible, affordable and sustainable (21).
In addition, some countries introduced mandatory for-
tificationofastaplefoodand/orallowedmanufacturersto
voluntarily fortify certain foodstuffs (17).
Voluntary fortification requires women to know about
and choose fortified foods, or that commonly and
regularly eaten staple foods are fortified (e.g. milk) and
affordable. In other words, most women must consume
the fortified foods whether or not they are aware of their
folic acid content. In addition, variations in folic acid
amounts added by different manufacturers to different
foodstuffs (25), or higher than expected content
‘overages’ (16, 24), add difficulty to monitoring folate
intakes from these foods by the population.
Mandatory fortification seems to be the key to over-
come many of the drawbacks described above. Most
women will consume fortified food regardless of socio-
economic disparities or family planning. Many countries
adopted this measure starting more than 10 years ago in
the United States and Canada (28). So far, about 67
fortify either wheat or maize flour with folic acid (45).
Conversely, other countries are still reluctant to imple-
ment this population-wide strategy, as is the case in
European countries that only allow addition of this
vitamin on a voluntary basis (45).
In a recent report on folic acid-preventable spina bifida
and anencephaly, Bell and Oakley (41) estimated that
27% of the world’s population now has access to folic
acid-fortified flour. However, after 18 years of knowledge,
only 10% of preventable birth defects are actually
prevented by current fortification programmes. The
main lack is in developing countries (41).
Examination of selected national policies towards mandatory
folic acid fortification
Mandatory folic acid fortification raises a number of
scientific, ethical and technical challenges (46). Lawrence
et al. (43) summarised the implications of different folic
acid fortification policies worldwide to assess their nature
and rationale, as well as the lessons learned from their
implementation. All of the reviewed countries have
identified the folic acid/NTD relationship as important
and recommend the consumption of folic acid supple-
ments (400 mg/day) and food folate for women of
childbearing age. Despite having access to the same
epidemiological evidence, the selected countries have
diverse policy positions on mandatory folic acid fortifica-
tion, which reflect different interpretations of the poten-
tial risks and benefits. An example of two countries
that apply different fortification policies are China and
Finland. Differences are, for instance, the high NTD rates
in China in contrast to those in Finland (43).
Table 1. Comparative analysis of strategies to improve folate intake
Strengths Weaknesses
Nutritional advice: natural
folate sources
Overall improvement of population’s nutritional status
Diet should provide all nutrients needed (38)
Difficulty to change dietary habits
Low amounts in foods and limited number of food sources
(legumes, green leaf vegetables, etc.)
Bioavailability and chemical stability of folates is questioned
(39, 40)
Pharmacological
supplementation
Target population specificity (e.g. women at
childbearing age) (41, 42)
Better dosage
Lower adherence
Depends on socio-economical status (9)
Potentially higher risk of toxicity when combined with
fortification practices (10)
Mandatory fortification Reaches all population groups
No need to change dietary habits
Better cost-effectiveness (28, 40)
Dosage is a function of serving size
Risk of high intakes in untargeted population
Different fortification ranges and laws across countries (43)
Voluntary fortification Target consumption with marketing of products
(e.g. breakfast cereals for children) (25)
Consumption is a matter of food choice
Different fortification levels depending on manufacturers and
food groups (25)
Higher costs
Potentially high or insufficient intakes depending on con-
sumption patterns/dietary habits (16)
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childbearing age obtain health information and advice on
folic acid supplementation of 400 mg/day, for 3 months
before and after conception. This advice is given pre-
maritally and at their periconceptional checkup that is
conducted through the maternal and infant health care
system. In 2001, it was agreed to initiate a flour
fortification pilot programme at 2 mg folic acid/kg of
flour. The pilot trial of fortified flour consumption was
conducted during 20032006. In 2004, fortified flour was
introduced into the marketplace. Although certain local
government regions encouraged implementation of folic
acid fortification of flour, in 2006, the State Grain Bureau
drafted a national standard for fortified flour, which is
still awaiting government authorisation. The main lesson
learned concerns the fact that China has a diverse
consumption pattern of food staples and so it is difficult
to assess the best food candidate for fortification. In
addition, the NTD incidence is highest in remote and less
developed regions of China. Generally, in these regions,
people consume homemade flour rather than commercial
flour that has been fortified with folic acid (43).
In contrast, Finland does not allow mandatory for-
tification of staple foods with folic acid, and there are no
policy discussions at the moment. A balanced diet, rich in
folate, is recommended for all women planning a
pregnancy or in early pregnancy, to obtain at least 400
mg of folate daily. In addition, a daily supplement of 400
mg folic acid is recommended for all women planning a
pregnancy or in the early stages of pregnancy. Never-
theless, voluntary fortification of certain food products is
allowed. In this country, between 37 and 86% of
pregnancies are planned, but the first pre-natal visit is
far too late for NTD prevention. The major limitation for
risk evaluation and monitoring of any fortification
programme to be implemented is the need for updated
data on folate intake of the target group and the
population in general. This can be applied to most
countries whether they adopt mandatory fortification or
not. In summary, policies should be determined and
assessed on a ‘fit for purpose’ basis meaning each country
has to address the potential risks and benefits taking into
consideration its unique circumstances and possibilities.
Concerns related to folic acid fortification today
Increased folic acid intakes in some population groups
have raised special concerns about potential adverse
effects, as scientific evidence has still not clarified if the
benefits outweigh the risks, mainly in children and the
elderly.
Because high doses of folic acid are able to correct the
anaemia associated with vitamin B12 deficiency, high
intakes could delay the diagnosis of the latter vitamin by
masking its deficiency, which could lead to irreversible
neurological damage/higher risk of memory impairment
(47). Scientific data are still inconclusive as to whether
folic acid supplementation accelerates or delays age-
related cognitive decline (48).
Of further and more recent concern is the association
of folic acid with a potential increase in the risk of cancer,
particularly colorectal (49). Folic acid has a role as a co-
factor in nucleotide synthesis, and its availability can
promote proliferation of rapidly dividing malignant cells.
Observations from both animal and human studies have
suggested the possibility of a ‘dual effect’ of this vitamin
in cancer development, depending on the timing and dose
of the intervention (49). High intakes may suppress the
development of early lesions in normal tissues, probably
by maintaining genetic stability but may in turn increase
the progression of neoplasic cells. This complex relation-
ship that was referred to as the ‘double-edged sword’ by
Kim (50) is exerting a necessary halt/delay in the wide-
spread folic acid fortification in many countries, although
the safety of this policy is ensured for all population
groups (51). Moreover, adequacy of other vitamin status,
such as B2,B 6 and B12, has to be taken into account, as
they are interconnected and serve as co-factors for crucial
enzymes of the one-carbon metabolism.
As previously described, recently published results
from the NHANES study in the United States estimated
that in 20032006, 53% of the population used dietary
supplements, and from these, 34.5% used dietary supple-
ments that contained folic acid. Total folate intake (in
DFE) was higher for men than for women and higher for
non-Hispanic whites than for Mexican Americans and
non-Hispanic blacks. Total folate and folic acid intakes
were highest for those aged 50 years, and 5% exceeded the
tolerable upper intake level. Improved total folate intakes
were observed in targeted populations (10). However, it is
noteworthy that the authors specify that estimates of folic
acid intakes from food sources and dietary supplements
rely on the product’s label not analytical values and that
those amounts could be higher than declared (23, 52) as is
the case for fortified foods.
To quantify the health and economic outcomes of
mandatory folic acid fortification in the United States,
Bentley et al. (53) conducted a cost-effectiveness analysis
considering different health outcomes in four projected
scenarios (including ‘no fortification’) and taking the
adult population with folate intake distributions from
the NHANES (19881992 and 19992000) as reference.
The greatest benefits from fortification implementation
were predicted for myocardial infarction prevention. All
post-fortification strategies provided quality-adjusted life
years gains and cost savings for all sub-groups, much
higher for the so-called 700 mg/100 g ‘strategy’. It was
concluded that health and economic gains could outweigh
the losses for the US population as a whole.
In Spain, where currently voluntary folic acid fortifica-
tion is allowed, the food industry is offering a significant
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from different food groups aimed at a wide variety of
populations (Fig. 2) (25). Furthermore, overage seems to
be a common practice, and there is still a lack of reliable
data to assess the impact of the increasing number of folic
acid-fortified foods. In a recently published study by our
group, breakfast cereal products were analysed to evalu-
ate folic fortification levels. According to laboratory
values, ‘low fat’ (n15) contained the highest total folate
(445630 mg/100 g), which represented almost twice the
declared label values, but similar results were obtained for
fibre, muesli and corn flake categories (24).
Vitamin D
Background: how may whole nations become vitamin D
deficient?
The term vitamin D is a generic term that comprises a
family of fat-soluble metabolites involved in calcium
metabolism and homeostasis and thus bone formation
and resorption. The physiologicallyactive form of vitamin
D is the 1,25-dihydroxyvitamin D3. Without an adequate
status of this metabolite, the small intestine cannot absorb
morethan10%15%ofdietarycalcium(54).Sunexposure
(ultraviolet B radiation) is the main source of vitamin D3
to humans as it can be synthesised in the skin. In fact, our
ape ancestors probably had adequate vitamin D status
unlike the modern human: wecoverabout 95% ofour skin
surface, spend less time in the sun, wear sunscreen and are
subjected to geographical differences that account for less
sun hours per day. Awareness of the role excessive
exposure plays in increasing risk of skin cancer has risen.
In addition, nutritional sources of vitamin D are limited:
oily fish is considered to be one of the best and its
recommended intakes are of at least 34 times per week
(55). But a question that has evolved recently is: ‘are there
enough fish in the sea?’ it seems not (55). Foods such as
milk, orange juice, cereals and some breads are fortified
with vitamin D, but contribution from diets is very
variable (54). Human’s requirements of vitamin D are
met mostly by casual exposure to sun. During winter,
storage of body fat can be utilised as the skin has a large
synthesis capacity (54).
Epidemiological evidence shows that there is a high
prevalence of vitamin D deficiency especially among
elderly population groups. It is a known fact that vitamin
D production in the skin decreases about four times with
age (55); in addition, this group is prone to avoid sun
exposure and limit their outdoor activities. The survey in
Europe on nutrition and the elderly: a concerted action
(SENECA) study revealed that there is scarce cutaneous
vitamin D production from November to May in most of
European seniors. This was primarily a consequence of
avoiding the sun, and surprisingly, lowest levels were
observed in the Mediterranean seniors (56, 57).
How many are deficient? The SENECA study: vitamin D status
in elderly population
Van der Wielen et al. (56) measured 25-hydroxyv
itamin D in serum (25(OH)-D), in adult population
across 11 European countries during winter and found
that free-living elderly, regardless of geographical loca-
tion, were at high risk of inadequate vitamin D status.
Thirty-six percent of men and 47% of women had
25(OH)-D concentrations below 30 nmol/L; threshold
with an increased risk of osteomalacia (bone disease
produced by severe vitamin D deficiency i.e. 25(OH)-D
525 nmol/L). Authors’recommended dietary enrichment
or supplementation with vitamin D should be seriously
considered during this season. In the studied population,
major food sources of vitamin D were fish (62%), eggs
(20%) and dairy products (8%) and intakes (mg/day),as
well as serum 25(OH)-D levels (nmol/L) were lower for
women. Assessment of overall vitamin D status was
regarded as marginal in 62% of seniors.
In the Optimal Fortification with Vitamin D (OPTI-
FORD) European project, relative contribution of both
sun exposure during summer and diet to vitamin D status
were analysed across five European countries, comparing
adolescents versus elderly women. When dietary intake of
vitamin D was assessed, authors found that elderly
females consumed 3.995.0 mg/day, whereas adolescent
girls consumed 2.892.7 mg/day with fish and eggs as the
main food sources. However, sun exposure, measured
with an adhesive skin dosimeter (J/m
2), revealed that
Spanish elderly women received less than half the sun
exposure of their adolescent counterparts (58). This
situation was not observed in the rest of the participating
countries (i.e. Finland).
When vitamin D exposure and status, measured as
25(OH)-D in plasma in winter versus summer, in a
Spanish elderly women population were compared,
both were clearly higher in the latter. Nevertheless,
Fat spreads
2%
Non-alcoholic
Beverages
6% 
Baby foods
12%
Weight control
products
11% 
Cereal and
cereal
products
52% 
Milk and milk
products
17%
Fig. 2. Distribution of main folic acid-fortiﬁed food groups
available in Spain.
Note: Adapted from Samaniego-Vaesken et al. (25).
M de Lourdes Samaniego-Vaesken et al.
6
(page number not for citation purpose)
Citation: Food & Nutrition Research 2012, 56: 5459 - DOI: 10.3402/fnr.v56i0.5459vitamin D deficiency affected 28% of the women during
summer time, although this percentage was doubled in
winter. In addition, dietary intakes of ] 95% of the
population sample did not reach the recommended
dietary intakes for vitamin D in the summer or winter
season (34.5 and 31.3%, respectively); with oily fish as the
main food source (59).
Vitamin D fortification and supplementation: implications and
public health potential
Available evidence found in meta-analyses of double-
blinded trials indicates that supplemental vitamin D has
dose-dependent beneficial effects on bone health and
muscle strength. These are both related to prevention of
falls and, therefore, hip and other non-vertebral fractures
that are the main causes of disability in the elderly (60).
25(OH)-D serum concentrations of 75110 nmol/L
provide an adequate status for fall and fracture preven-
tion (61).
What remains to be proven are other additional and
not less important, public health benefits. In cancer
prevention, vitamin D may have a role downregulating
or inhibiting cell proliferation in colorectal cancer (62). It
has also been shown to act as an important immune
system regulator: vitamin D receptors are present on
T-cells, B-cells, macrophages and other immune cells,
providing modulatory effects that could have benefits for
the occurrence of autoimmune diseases such as Type I
diabetes, rheumatoid arthritis and asthma (63).
Based on data of a benefitrisk assessment published in
2009 by Bischoff-Ferrari et al. (61), it has been proposed
that 8001,000 IU of vitamin D per day may be needed to
achieve a satisfactory status in all adults of 75100 nmol/L
of 25(OH)-D. However, as in the case offolic acid, authors
agree that larger trials are needed to confirm benefits and
safety of these new and promising approaches.
Vitamin D supplements use and adherence
In a recent study that estimated the prevalence and
patterns of use of over-the-counter medications and
dietary supplements in a sample of adults aged 5785
years (n3,005), findings showed that 49% (95% CI,
46.2%52.7%) used a dietary supplement (64). Amongst
the most popular supplements were multivitamins (28%),
calcium (17%) and vitamin C (9%). Only 4.5% of the
users declared a daily consumption of Vitamin D
supplements.
Another study conducted in Italy investigated the
global adherence to osteoporosis treatment in a nation-
wide survey carried out in post-menopausal women (n
9,851) (65). They were referred to centres for osteoporosis
management for a follow-up assessment, at least 1 year
after having been prescribed either a treatment with
calciumvitamin D alone or other drugs (hormone
replacement therapy, etc.). Results showed that 19.1%
of the patients discontinued the prescribed drug before
attending the bone mass re-evaluations. Most frequent
reasons for discontinuation were drug-related side effects,
insufficient motivation to treatment and fear of side
effects. Lack of motivation was the most common cause
for poor compliance in the case of calciumvitamin D
supplements, whereas best treatment adherence was
observed in patients with severe osteoporosis (65).
Fortification tomorrow
At present, it seems clear that ‘optimal nutrition’ remains
a moving target in the food fortification field: to
appropriately design a fortification programme, nutri-
tional status of many micronutrients has to be assessed.
Furthermore, as nutrigenomic studies identify individuals
with higher, or at least different nutrient requirements,
nutrient fortification may help optimise an individual’s
nutritional needs. The scientific evidence base continues
to evolve, and discovery of new compounds with health-
promoting effects will call for new strategies involving
both nutrition guidance and fortification with a focus on
benefitrisk assessment.
In summary, questions and issues to be fully addressed
regarding whether we are targeting the most appropriate
food vehicles with nutrients and the levels needed by
those who actually consume them are currently still under
discussion. Further studies comprising the monitoring of
population intakes in countries, where fortification is
implemented at different levels will grant greater insight
into improved policies. What is clear is that harmonising
food fortification policies, within the scope of optimal
and safe levels, will enable suitable competition in a
global food supply with no trade barriers and possibly
achieve the necessary right balance for vitamin food
fortification.
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